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S Awikurasu

Kak moayuaior
CHJIbHbIE

NOCTOSIHHbIE MarHHTHblE
noJi

MarHuTHLIE NOAA NPHMEHAKTCA Npak-
THYECKH BO Beex ob0aacrax (H3HKH,
BTOM YHCAE 008 HCCIeJ0BaHHA CBOWHCTE
BELLECTB, AR MOJYYEHHA CBEPXHH3IKHX
TeMNepaTyp, B 3IKCNEPHMEHTax ¢ aie-
MEHTAPHBIMH YaCTHLAMH. MaruuTHme
noas HeoOBXoAHMB AR paboThl YCTaHo-
BOK TepMmosiepHoro cuHtesa w MIJL-
reHepaTOPOB — HOBBIX METOA0B NOJY-
YeHHA FHEPrHH, KOTOPLE B OJHKalmeM
GyAyLLEM, BO3IMOMHO, CTAHYT 3IHepre-
THYeckoi Da30f HaWeH UHBHAH3AUKH,

KakoBbl, C TOUKH 3PEHHA ITHX TPH-
MEHEHHH, BasKHeHlHe XapaKTepPHCTHKH
MATHHTHBIX NOJel H METOL0B HX Noay-
uenna? [lpemne Bcero, 3To BeJHuKHA
MHAYKIHH MariuThoro noas. [as npu-
MEHEeHHH, CBA3AHHBIX € 3IHEPTeTHKOH,
00LIYHO AoJMHE OBITe  AOCTHIHYTA
BNOJHE OnpefeNeHHas W J0BOJNbLHO
GONblUASA BENHYHHA HHAYKUHH — MNo-
paaka 10 Ta, wuaue cooTBeTCTBYIO-
uas ycradoska He Oyiaer pabotaTto
HAH OyleT HMeTh O4YeHb MAJeHbKHH
KITA. lna npumenenni, coA3annbx ¢
HCCAEN0BAHHEM CBOWCTB  BelLLeCTBA,
HKENATeNbHO  TNOJYYEHHE  BOIMOXKHO
GoblIHX NoAed — Belb 4YeM lWHpe
JIHANA30H H3MEeHeHHA JI60H BeJH4YH-
Hbl, TeM OOJAblUEe LIAHCOB HAATH HEYTO
HOBOE. ﬂ...'lﬂ HCCAeAOBAHHH B.TIE'MEHTEP-
HBIX YACTHL OOBIMHO HYMHbl BEJHYHHBI
nojed Toro e NOpPALKA, 4TO H A
IHEPTETHKN,

Bropasn BamHedluan XapaxkTepu-
CTHKa — ofbem IPOCTPAHCTBA, B KOTO-
pomM moayuaerca noje. Tyt ueas oa-
Ha — 4yeM Bonblue, Tem Jydie. B sHep-

FeTHYECKHX  YCOTAHOBKAX YBCJHYEHMHE
00hemMa, B KOTOPOM CO3/13eTCA CHib-
noe noae, yeeawunsaer KI1I. B stoi
00JacTH  «HHTepeCHbIes ofbembl
| =100 w3 Yem Goabllle 0ObEM, 3aHH-
MACMBIH CHALHBIM TMOJEM, TeM Bbille
TOYHOCTL H '-I}'BETEHTEJII:HD'ETL HaMepe-
HHH B HCCABA0BaTEBCKHX YCTAHOBKAX.
Ecan uckomble coOLTHA HabaoAa10TCA
HE 4acTo, KaKk, HanpuMmep, npoJet pej-
KON KOCMHUCCKOH 4acTHUR depes my-
3LIPLKOBYIO KaMepy, paclnpedue obbe-
Md MATHHTHOTO NOJA VBEJHYHBAET Be-
POATHOCTE HabmwaeHus cobuTha. [1aa
HCCNEAOBAHHA JEMCHTAPHBIX YACTHIL
HenaTeaLHo cozaavHe noaed B obbe-
max 1-=10 w® Tlpu wccaenoesaHuAX
CBOHCTB BeWEeCTBa, KOrjla CTPeMATcH
MOJYYHTE MAKCHMAJABHO BO3MOMHBLIE
Noas, NPUXOAHTCA AOBOJLCTBOBATLCA
Kyda Gosee CKpOMHbIMH oObemMamu —
nopaaka |- 10° cmd,

KpoMe Toro, CyULeCTBEHHB No-
CTORHCTBO HHAYKIHH NOJS B Npelenax
Kakoro-to ofbemMa (OAHOPOAHOCTH) M
NOCTOAHCTBO HMHIAVKUHH NOJAA BO Bpe-
MeHH (cTaluabHocTs). OaHaKo 3TH BO-
Mpock He ABJAAKTCA O0BIYHO <KAKYe-
BolMH». [lnn 3HepreTHUeCKHX NpHMEeHe-
HHH elle BamHO, KAaKad MOLWHOCTh
HYMHA MR CO3JAHHA HCKOMOro MoJf,
TaK KaK 3Td MOLIHOCTI: «BLIMHTAETCA»
H3 MOULIHOCTH, BuipabaThiBaeMol ycra-
HOBKOH, W TeM CaMbiM yMeHbllaeT

ee KITJL.

M Bce e OCHOBHBIMH napametpa-
MH, 3384acTyi ONpele]RiILHMH  pe-
3yJAbTaThl, MOJYYEHHbIE B PasjHUYHBIX
00AaCTAX NMPHMEHEHHA, ABJAIOTCA HH-
AYKUHA noas u o0bem npocTpaHcTsa,
B KOTOPOM OHO CO313HO.

Kak e noayqaloT cH/AbHBE Mar-
HHTHLIE NoOJRA?

OcHoBoR BCEX METOAOE NOJAYYEHHR
CHABHBIX NMOCTOAHHBX MATHHTHR X
noded ABAR0TCA OONbILIHE TOKH

Ha 3HE‘J‘[E‘|]H MEHTA H3BECTHO, YTO HH,[I,},-’I{F
uMs B MArHHTHOrO NONRA, BO3HWKAO-
Hero BOKPYr NpoBOAHHKA ¢ Tokowm [,
NPONOPHHOHAJALHAE TOKY H MAaTHHTHOH
MPOHHLACMOCTH CPelbl B M 3aBHCHT
0T (POPMBEI NPOBOAHKKOB H PacCTOAHHA
A0 HHX r. B 4acTHOCTH, ANA NpAMOro
NnpoBoLa GecKoHEeuHOH NJHHB
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Puc. 1. MarunuTHoe noae npamoro npoeroaa (a),
Kpyrogoro saTea (6), conenowna (8).

(puc. l,a) B = lg’;“:: AAS  KOJbILEBO-

ro BuTka (puc. 1,0) B = E,"_;—;‘", TO

ecTb B n pa3 Goabuwe. [lozTomy aa#
MOJAYYEHHA CHILHBLIX NOJEH NPHMEHAT
KOJABLUEBLE BHTKH, a TouHee — CoOJe-
HOHI H3 KOJAbLLEBBIX BHTKOB, TdKk Kdk
MNOJA OTAEALHBIX BHTKOB CYMMHPYIOTCH
(puc. 1, 8).

Byaem cuntate, uto p=1. Katyiu-
KH Ha (reppoMarHHTHbBIX cepleduHHKax
(u=1) M He paccMmaTpHBaeMm, Tak
KdK H3-3a HACBHIUIEHHA QeppoMarHeTH-
KOB TAKHE KATVIIKH He NPHMEHAKT LA
NMOJYYEHHA CHJABHBIX NOJEH.

Mrtak, uem OGoabiue noje H 4eM
Oodabile o0beM, B KOTOpPOM HAAO €ro
NOAYHHTE, TEM GOALILMH ANR STOTO NO-
TpebyercAa Tok. Oanako, korga € no-
MOLLBID TOKA CO31a10T MarHMTHOE NOo-
Jde, HMeT MecTo ABa «NoGouHbIN® 3(-
f{'lE’HTE'i. KOTOPLIE H ONpededAanT CAOM-
HOCTH NOJVUYeHHA GOABINHX NOJeH.

kvant.mccme.ru

Bo-nepeoix, Ha sjeMeHT npoBoia
AAHHOH dI ¢ ToKOM [, HaxoARUWHHCA
B Moje ¢ HHAVKUMeR B, neficTByer cuaa
F, paBHaa nNo MOAyJIO

F= Bld! sin q, (1)

—
rne YIOJT MesdY BeKTOPOM B u
Hanpasiedvem Toka. CaeaoBaTellbHO,
Ha NPOBOJA ¢ TOKOM OYAYT AeHCTBOBATH
CHJIBL, MPONMOPUHOHAJBHBIE CHJA¢ TOKd H
HHAVELHH MNOJA, CcOo3jgaBaeMoro BCeM
COJNEHOMAOM. 3TH CHAB OyayT YBeJH-
UHBATBLCA C yBeJHYEHHeM MoJs H pas-
Mepos o0aacTH, B KOTOPO#R erc naao
NOJAYYHTD.

Bo-BTopeIX, NpH NpoTekanuu Toka [
no MpPOBOAHHKY € CONpPOTHBJAeHHEM R
BeLISTAESTCH MOLWHOCTE

P=[R (2)

JTa MOLUIHOCTL NPONOpUHOHAAbHa [2
H, CAeaoBaTeNbHo, ona OyaeT yBeJAHYH-
BATBCA € YBEJHYEHHEM HHAYKUHH CO3-
Aasaemoro noas. Pacwupenune ofna-
CTH, B KOTOPOH NOJAYYAKOT NoJe, TaKkKe
OyAeT CONPOBOMIATECA YBEJHYEHHEM
BhIAEAAIOWEHCA MOUWHOCTH.

Takum obpazom, npH nonbITKax
co31aTek O0NblIHEe MAarHdTHbe MN0JA
CAEAYET OMHAATL ABYX HENPHATHOCTEH:
CONeHOHAR OyAyT pa3BajJHBaTbCH M
pacnaasiaATeeA. 1 ocHoBubie npobae-
Mbl, CTOALLHE HA MYTH NOJYYEHHHA CHIb-
HBIX MArHHTHBIX NoJed,— 3To npobae-
Ma NpPOMHOCTH W npobaema Tenaoort-
BOAA. Kak e pewawTcs 3TH Npo-
GeMsl?

Puc. 2. Cuam, _ﬂEﬁETBylﬂLLLH'E CO CTOPOHE MATHHTHOID NOAR H3 COAEHOH L.

MpoGaema npounocTH

Ha pueynre 2 nokazan CoJICHOHI, BHT-
KH KOTOpOro ciledadHik H3 MeTaj naHye-
CKOH NeHTH (CKOPO Mbi yaHaeMm, nouemy
HX 1eJal0T HMEHHO H3 JIEHTbl, 8 He H3
NpoBoda Kpyrjaoro cedendd). CuHasl,
AEHCTBYIOUIHE CO CTOPOHBI MATHHTHOIO
MoJiA, CTPEMHATCH DHSHFHHTL: COJIeHOH L
B MJAOCKOCTH BHTKOB H, Kpome Toro,
NMPHMHMAIT KpaliHHe BHTKH K cpei-
HuM, Jlaa Gopelel ¢ pa3puiBaloulHmMH
CHAaMH COJEHOHD NMOMEeLlaT B [pou-
HYK) HapyXHyio o0Q/ouky, KOTOpas M
BOCIPHHHMAET pPa3puBalOLLHEe YCHIAHA,
Jlna GopbObl Co CHHMAIOUIHMHE CHIAMH
MEH Y BHTKAMH NPOKIAALIBAIOT H30J15-
UHIO, HMEWLLYK BBICOKYID NPOYHOCTE
Ha ChKaTHE, HaMpHMep Iy MK Kepa-
MHKy. Ho » npowHocTs H30a8uMH, H
MPOYHOCTL 000J0YKH He DecnpeienbHbl.
dpyroft 0yt GopbObl ¢ paspyiienuem
B OOJIBWHX NOJAAX — TaK HA3LIBAEMBIE
«MaNoCHA0BbEs CONEHOHIAL. BHTKH B
TaKHX COJEHOMAAX  pacnoJaraioTcs
Tak, urolsl yroa memay mexktopom B
H HanpaB/jeHHeM TOKa OB M0 BO3MOMK-
HOCTH MeHbLUe — TOrga cCHJLI YMCHb-
watotea (cm. (1)). Oanako caenathb
coBceM <«0eCCHAOBOH® COJEHOHO He
yAdeTCH.

~ CHabl, AeHCTBYIOLUIHE €O CTOPOHbI
MAFHHTHOTO [10J15, OFPAHHUHBANOT BO3-
MOMHBIE BEJHUHHBL HHAVKUHH noJas.
Tak, B o6beme ~ 100 cm® npakTHueckn
HeJL3A NOJYyYHTE Node Goablue 20 Ta
C HCNOJB3OBAHHCM MEAHOND CONMeHOH-
Aa. Ecan oOmoTka Cle/idHa H3 MeadHhX

CRAABOR NOBLIEHROH NPOYHOCTH
(Melb -+ UHPKOHHH, Melb + KajJMMH
H Ap.), HHAYKUHA 1moas B ol0beme

100 cm® MmoxeT gocTrate 40 Ta. Oana-

[ | wacnartop
[ ] merann

:#} NOTOK xNagareHdTa
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KO CNJaBbkl MEAH HMeloT Goablliee
(B 1,5—2 paza) conporHBIeHHe, HeM
Melb. A 310 yeaomuaer (o, (2)) w
fea TOro HenpocTyin npofieMmy Tenio-
OTBOAA.

Tenaoorson

M3 Beex MHAKOCTEH, KOTOpPBIE MOMHO
MPUMEHHTL AAA OXJaxKAeHHA, HaH-
OONBIUYIO TEMJOEMKOCTL HMEET BOAA,
[O3ITOMY, Kak MpaBHa0, A18 OXJdkK-
NeHHA MPHMEHAKT HMeHHO ee. DBhiio
Obl HanboJee NPOCTO BMECTO MEAHOro
NpoBo/la HAMOTAaTh COJEHOHA MelHOH
TpyOGKOH H NPONYCKaTh BHYTPH TPyOKH
BOAY AR oXaam/[IeHHA, 8 Mo caMoH
TpyOKe — ToK. TaK H genalu Koraa-To,
TaK AeJalT H CeHyac, HO TOJAbKO B
TeX CaAyyasx, Koria Tenio, Koropoe
HYAHO OTBECTH OT COAEHOHILA, HEBEJIH-
Ko. JlAHHHAA W ToHKasa TpyOKa cosiacT
OONbLUIOE CONPOTHRICHHE TEKVILIEH BO-
ae, H NpoKauaTh Yepes TaKoH CONeHOH
HOALUIOE KOAHYSCTED BOAL HE YAACTCH.
Mexay Tem, uTofbl OTBECTH OT coJe-
HOHAA TEMJOBYK MOULHOCTb, CKameMm,
5 MBT ¢ nomowsw BoIbl H3 BO1O-
NPOBOAHOH MarHCTRpaau (Temnepatypa

poaw 10--15°C), Hago npokauuwBaTh
ckBo3ab codenond 1000 i BoABI B MHHY-
Ty, W 3Ta Boja GyleT BLIXOJAHTE H3
COMIEHOWA HAarpeTtod NouTH Jd0 KHne-
HuA. TIOTOK BOAB He A0JMEH HH Ha
MrHoBeHHe ocaafeBaTh — HHauye TEM-

neparypa Boasl jaodaetr ao  100°C,
BOJA 3AKHNHT, TENJAOOTBOA VXYAILHTCA
(TeNJONPOBOJHOCTE Napa Maaa) H co-
Jdedoua paspywurces. Tlostomy nyte
I8 BOAbl JoJimeH OwTbh Kopoue H
wHpe, 4ToObB CONPOTHBJICHHE TeueHHK

Puc. 3. OCHOBHBIE CHCTEMB OXNAMAEHHA CONEHOHADE.

BO/AL ObLIO MaJdo, a4 NOTOK e¢ COOTBeT-
CTBEHHD BeJIHK. SHELIHT, BOJIA HE JOJ M-
Ha Teub napaanenbho Toky. He sacra-
BHTb JH HX Teub NepPneHAHKYARpHO?
Tok Oyaer Teub NO OKPYMHOCTAM, a
BoAa — MO pajadycaMm Jub0 napaa-
JdeNlbHO GCH COJeHOHdAE. Ha sto# Hiaee
OCHOBAHLI TPH OCHOBHLIE KOHCTPYKLHH
CONEHOWIOR, NOKA3AHHLIE HA PHCYHKe 3.

B konerpykumn A Boja TeqeT BLONL
OCH COJAeHOHIDa H MedAly BHTKaMH, No
padHycaMm; B KOHCTpykuuax b w B —
napaijensHo OCH  coJedonaa  aunbo
CKBO3b BHTEH (B), aub0o MeXMIy HHMH
(B). (KoHcTpykuus B BuirasauT He-
MPHBBIYHO, 4TOOB BHl Jy4iue ee cebe
NPEeACTABHAH, COJEHOMA  HAapHCOBaH
“HEZAKOHYEHHBM2 — MNOCAEIHHH BHTOK
e1l1e He HaMOTaH. )

Mui viHe TOBOPHAH, 4TO OOMOTKY
COJACHOMAA ACAAKT H3 MEAHOH JeHTH,
4 He H3 obbluboro, Kpyrioro B cede-
HHH, Npoeoda. Heaaerca sto aaa Go-
aee 3pdekTHBHOro oxaaxaedna. Beas
TENI0 OTBOAHTCA € MOBEPXHOCTH NPO-
BOAHHKA, W ueM Goablie naollaik no-
BCPXHOCTH, TEM JAydiue TenjooTBOA.
C TOUKH 3PEHHA OXJAMICHHA JEeHTY
clAeAyeT JeaTh Kak MOMHO TOHbLLIE.
Oanako oveHb TOHKOH OHa ObiThb He
MAOAeT TAKOH CONEHOMA CJA0MHEH B
H3MTOTOBJEHHH W CAHWKOM BeAHKO Oy-
AeT ero CONpoTHBAEHHE (BCNOMHHMTE,
uto R~75, rie § — nioulaib ceve-
HHA nposoanika). das Gonee sddek-
THBHOTO OXJaMACHUA MeaaTenbHo Ol
A0 Obl. caenath Kak wmoxHo OGoabslue
OTBEPCTHI AaH npoTekanus soiw. Ho
3TO NPHBEAD Obl K YMEHBLUEHHID [POd-
HOCTH CONeHOWdd, K YBOJHYEHHKD €50
CONPOTHBASHHA,

[Tpn H3roTOBACHHH CONEHOHLA VUH-
TLIBAKOTCA BCE «3a» H «NIPOTHB® H CO3-
daeTea ONTHMAJdBHAR  KOHCTPVEILHA.
[Tosdyuaemple Ha TAKOM CONEHOMAE NOAR
ONPeLCaRInTCA NPOMHOCTLID MaTepHa-
Jdd,  ero wWeKkTpo- W TenJdolpoBol-
HOCThED, 8 TAKAE TeM, HACKOJbBKO TOYHO
MPOH3IBEACHE pacHeThl ONTHMaJbHBIX
napaMeTpoB KOHCTPYKILHH.

Pasamepsl Tpex KOHCTPYKUMA, NOKa-
1AHHLIY HA PHCYHKe 3, ObLIH ONTHMH-
JHPOBAHLL AJA NOAYHEHHA MAKCHMaJb-
HO BO3IMOMKHOTO NOVIA, HO PE3YAbTATH,
AOCTHTHYTLIE HA HHX, OKa3aJuch pas-
anubsivu. Ha conenonpe tuna A 6wao
nodvuedo noae B=5 Ta (Tenaoene
notepu P =06 MBT): Ha coaenouae
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tiia B noayueno nocae B=13 Ta
(P=2 MBT); na coaexouwne tuna b
aBTOPOM 3TOH KOHCTpyKUHH @. Butre-
poMm B 1939 roay OwJ0 OOCTHIHYTO
dHavenHe HHAVKUMH B=10 Ta (P=
=1 MBr). B nacroswee spéms Ha
cofeHouaax Tana B noayuawT noas e
30-=40 Ta. (Bce nauubie npHBeaeHb
AAA CONCHOMIOB ¢ BHYTPEHHHM [Aua-
MeTpoM 3 cM.)

Kpuorennsie coneHoHAbl

[TocmoTpum eute pas na dopmyay (2).
Buaeasiwouianca B cojdeHOHAe MOLUL-
HOCTbH MPONOPUHOHAJNBHA CONPOTHBJE-
HHIO  (HMEHHO MO3TOMY  COJEHOHAL
aenawT ua menu). € yMeHbLUEHHeM
COMPOTHBAECHHA COJEHOHIAA YMEeHbLIA-
KTCA TennoBule notepd. OauH H3 cno-
COO0B YMEHbIUEHHA CONPOTHBIEHHA —
OxJamaeHne OoOMOTKH €  NOMOLLBKO
KPHOTEHHBIX MHIKOCTEH -— CHHMKEH-
HBIX ra3os. Meawwii coneHonn, oxaaxk-
naeMblH xuakuMm azotoMm (=78 K)
HAH HHIAKHM BogopoaoMm (T=21 K),
YMEHbIIAET CBOE CONpPOTHBAEHWEe B B u
100 pa3s CoOOTBETCTBEHHO, BO CTONLKO
e Pas yMeHbIAeTCA OTBOAHMARA MOLLL-
HOCTL.

CCIII.'TP{JTHB.-’[EHHE PEI.}.I'[H’-]HI:]J{ MeTan-
JOB  NPH  MOHHMKEHHH TEMMNEPATYpPHI
YMCHBLLIAETCHA B Pa3HOH CTENEHH, H Me-
TaMl, HMCHUKHA NpH Temnepatype
300 K conportusaenune Ooabiuee, uem y
MELH, MOMET NP HH3KOA Temnepatype
ObITE Ooaee 3NEKTPONPOBOAHBIM, 4YeM
meab. B uacthocty, npu T =21 K Hau-
MEHbLEEe CDEAH BCEX MET4J 0B Conpo-
THBEIJEHH® HMEeT E.’IH’JI‘\-‘IHHHﬁ, H OHO NOYy-
TH B [0 pa3z meHbile CONMPOTHBAEHHSA
MedH NPH 3TOH e Temnepartype. Takum
o0paszoM, OXJaAHB Me[AHbH COJeHOMI
no 78 K uan 21 K, MOMHO YMEHLIHTE
BulACJdeHHe B HeMm Tenaa B 8 wWau
100 pas, a 3amenns npu 21 K menw Ha
amoMHHui — ewe B 10 pas.

B oxaaxaaemeix MHIKHMH rasami
CONEHOHIAX Tenao OTBOAMTCA He 3a
CyeT HarpeBa NpoTekawlleld no code-
HOHIY BOABl, @ 3a CHEeT HCNapeHHs
CAHHMeHHB X raszos. Ho TenaoTta mcna-
PEHHA CHMKEHHBIX FA308B BO MHOIO pas
MEHBIIE, YeM TeNADEMKOCTE BOAL (TIPH
Harpese ee ot 10 go 90°C). H aan
OTBOAA OAHOTO H TOrO e KOJHYecTBa
Tenaa Heobxoiuma ropazno Goaslian
MACCa MHAKOro rasa, 4em macca Bobl.
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Tak uTo Yy KPHOTEHHBX COJEHOHA0B
€CTh BaMHBIH HEAOCTATOK — O0AbILOH
Pacxod CPaBHHTEABHO AOPOroro xaai-
dlMeHTA.

B pesyabTarte KpHOreHHbIE CONCHOM-
IAbl  UWHPOKOrD PACNPOCTPAHEHHA  He
NOJAYUHJH, Tem BoJaee 4TO ¥ HHX NOABH-
JUCE ele Goaee  XOJA0AHLIe KOHKY -
PEHTHI:

GH-EP!I'IFH}H{I-A'III.I.I.HE CONCHOH AR

:l!'r MHOIHX METAMN0B H CINJABOB MnpH
OXAaMAEHHH 40 onpefeieHHol Temne-
paTypsl (KpHTHUYECKO) CONPOTHRAEHKE
CTAHOBHTCH paBHLIM HyJaK0. B Takom
COCTOAHHH 3TH MeTaJNkl H CNJAaBLl HA-
3LIBAIOT  CBepXNpoBoaHHKamd. Ecan
CAENaTb H3 TAKOTO MaTepHana obMmor-
KY COJICHOHIAA M OXJaJHTh COJEHOHI
A0 TEMMEPATYPbl HHAKE KPHTHYECKOH, TO
€ro  CONPOTHBJACHHE CTaHeT paBHbIM
HyJd10. 3THM peluaetca npoGiema Ten-
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Baxuwi BKI1an, BHECEHHBIH B Tex-
HHKY  CHJABHBIX  MATHHTHBIX  TIOJIEH
CBEPXNPOBOJIALLHUMH COJEHOMAMH, CO-
CTOHT B ToMm, yTo noas B8=10=15 Ta
CTaMAH JOCTYNHLE GOALWIHHCTBY (H3HYe-
CKHX nabopatopui. Hanpumep, caepx-
NPOBOAAUIKMA  COJEHOHIL, © KOTOpPOM
TOALKD UYTD L3 pedb, 3dHHMaeT MeCTo
CO BCEM OTHOCHULHMCA K Hemy obopy-
JOBAHHEM HECKOALKO KBAJAPATHLIX MeT-
poB # pacxoaver =10 a4 Kuakoro re-
JHA B CYTKH, & COOTBETCTBYIOILMA Mel-
HBlH BOAOOXJaA1aeMbA CONEHOMT TPe-
OyeT CTPOMTEeNLCTBA CNelHaldbHOH Ha-
COCHOH CTaHUHH.

OGaacTe NpHMeHEHHA CBEPXNPOBO-
AAUWKX CONEHOWIOB PACIIHPHTCAH, ECaH
OyaAyT HalleHw  CBEpPXUPOBOAALLHE
COEAMHCHHA © OOJBIUHMH 3HAYEHHHA-
M By,

H B FdaJHOYEHHE }’FIDMFIHEM e L'!lfl
OAHON BO3MOMHOCTH NOJYYEHHH CHJIb-
HBIX MATHHTHWX NoJeld. BenoMeusm, 4To

T100TBOJAAa — BEldbk CCJIH PABHO HYJO
HCDI'IPGT}J‘::'B‘IEHH'E ’E'P.D PHBJHEI HI::-'-']EG H Eh}III'E" OrpadHHyHBaeT AOCTHraeMble 3HAYCHHA
ARIOULEACH MOLLHOCTD. - npﬂﬁ.}'lf_'!-'lﬂ HHAYKILHH TIOJRD nNeperpeg cofJeHodna

MPOUYHOCTH  OCTAETCH, MNO3ITOMY  «pe-
KOPAHBIX® NOJeH  CBepXNPOBOAALLHE
coMedonas He cozaanT. Ho aato ouu
Jerye M MEeHbILE N0 pasMepam, uem
MelHule BoaooXaamaaemwe. o cpas-
HEHHIO C KPHOTEHHBIMH CBEPXIPOBOIA-
HiHe coJeHoHAbl TpefyT B COTHH pa3s
MEHbILErO pacxoaa xaagaredta. (Bo-
oflle ropopa, CBEPXNPOBOASLLHE CONE-
HOMAbl TOMXE MOMHO ObiN0 OB Ha3BaTh
KPHOTEHHBIMH — Beflb OHH OXJaxaa-
KITCH TEMH e HMHIKHMH Fda3aMd, HO
MO TPaAHUHH KPHOTEHHBIMH HA3LIBAIOT
TOJNbLKO HE CBepPXNPOBOAALULHE coJge-
HOM/B ) -

KHEEJ’H]EI:; ﬁh[, C NOMOLLLHEY CBEDX-
NpoBOAHLLIHX CONEHOHIOBE MOMHD MO -

W ero MexaHHueckoe paspywende, Oa-
Hakd H FIIEHDTPEE AD NMAaBJeHHHA, H
PA3ZPYIIECHHE HE. [IPOHCXOLAT MIHOBEH-
HO (N0 AbAY MOMHO GeMaTh, AdMKe KOT-
Aa OH TAKON TOHKMIE, YTo cjaomaeTcs,
ecan octaHoBuTheR ). [lostomy B Teue-
HHE MaJjJoro NpoMexyTKa BpeMeHH No
COJIEHOHLY MOMHO MPONYyCKAThL TAKOH
O0JBIWOH TOK, KOTOPOro OH «HE BH-
nepmany 0wl NpH AJAHTeNbLHOH padoTe,
B TakomM HMNYJbCHOM pEXHME Ha KO-
POTHKHH TNPOMERYTOK BPEMEHH MOTyT
OBITL MOJYYeHb ropa3ao 6OJbIIHEe Mar-
HHTHLIE NOJH, Y4em npH paboTe B CTa-
UHOHAPHOM PeAKHME.

Ynpasuenun

1. Ha COJTEH QM D& Hm1yHHmT nowe ¢ HHD.:.-']{-
uveit B, =10 Ta, u npH TOM OTBOAHMAA Ten-

qaTL rpoMajibie nods. OaHaKo 3TO He  J0B3A MOWHOCTH Py=1 MBr. Mo®uno an va 3ToM
- _ COMeHOWAE .MoAYUHTL note B; =25 Ta? Tlpous-
Tak HHLYKUHA 11047 B CBEPXIPOBO BOAHTENLHOCTE  BOAONPOBOIHON MATHCTPaIH

AALLEM COJEHOMILE OrpaHHYeHa HEeKo-
TOPBIM KPHTHYECKHM 3Haveduem B,
[TpH 3TOM KPHTHYECKOM 3HAYCHHH NOAS
HCYE3aeT CBEpPXNPOBOAHMOCTL. 3Have-
HHA B, pasaHuHbl 08 pasHbiX MeTan-
0B W cnaaeos, HauBonee wupoko npu-
MEHAETCA ceflyac B KauyecTBe MaTepHa-
Ja CBEPXNPOBOAALIHX COJEHOHADB CO-
eanHenHe NbySn. [lna wero B,,=30 Ta
(npu 4,2 K). Ho u Takoe none ¢ no-
MOLLBIO CBEPXNPOBOAALIErD COASHOHAA
H3 NbySn nonyunts He yaanoce. [lpak-
THYECKH C MNOMOLLbI) COJEHOHIOB M3
Nby5n noayyawT noka noaa B< 20 Ta.

Ve 50 w3y, Temnepatypa BoAK B MarucTpag
[0°C, a TemnepaTypa BOAL Ha BRIXOAE H3 COJe-
HOWIA He A0JMHa npesuslipate HW°C,

2, Tenaopas MOUWHOCTH, BLUACARIOUIAACA HA
MeaHoM cotedonae, paeia 3 MBr. Kakosa noas-
Ha ObITh MPOHIBOARTENLHOCTE BOAONPOBOAHOH
MATHCTPAAH AR OXJaMICHHA coacHouaa? Tem-
nepatypa goaw B8 marwerpaan 10°C, remnepary-
Pa BOAL HA BeIXOJE H3 codeHoHna e Soaee 90PC,

Kakor 1oasen OGwiTh pacxol xNalareuTa,
CCAH QAR OXA3MACHHA HCNOABIOBATH MHAKHA
azor? Tennota HCNAPEHHA MHAKOMO  A30Ta
70 Ia/cw?, CroabKo #MHIKOMO BOOOPORA HAOD
NPOKAYHAATE YCPE3 CHCTEMY OXJaMICHHA, CCAH
COAEHOML CASAAH H3 AANMHHHA?

HuiykuWa noas RO Beex Tpex cay4anx
O0Ha W Ta e
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