Huxxknue ounenku I'mamopa u I'omopu

NmeeTca HeorpannueHHOE YKMCIIO KOHTEHHEPOB €IMHUYHON BMECTUMOCTH.
Tl xkaxxaou 3arotoBku €L 3aaaHa qmHa 0 < wi < 1 1 ux Kojan4decTBo N > 1.
TpebyeTca ynakoBaTh 3arOTOBKH B MUHHUMAIIbHOE YHCIIO KOHTCHHEPOB.
PaccMmoTpuM pas3ianyHbIe BaApUaHThl YIIAKOBKH OJJHOI'O KOHTEHHEPA.
ITycte MaTpuna (@jj) 3aJaeT 4UCiIo 3ar0TOBOK I-ro TUIIA B J-M BapHaHTE.
TTepemeHHbIE 30804M:
Xj = 0, Lenble — 4KCII0 KOHTEHHEPOB, YIIAKOBAHHBIX 110 J-My BapUaHTY.
min Z Xi
jed
IPU YCIOBUSX: Zaijxj >U;, lel;
jed
Xj = 0, nesnele, jeJ
MHO%€eCTBO J UMEET 3KCITOHEHIIMAIBHYEO MOIITHOCTb.
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Huxusasa oneHka

H :minZXj

jed
Zaijxj >N, lel,;
jed
Xj =0, jed.

Pemas 3agauy TUHEWHOTO MTPOrpaMMUPOBAHHUS, IMOJTY4aE€M HIKHIOKO OLIEHKY H.

Ho 3amaya nMeeT ruraHTCKyro pa3MepHOCTb!
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MeToa reHepanuu cToJI0mM0B
Bribepem nogMHoxkecTBO J'C J Tak, yToObI cieayromas noazanayda JIII(J") umena

min ij

jed’

Zaijxj >n:, lel;
jeld’

pElICHHUE:

Xj =0, jeld'.

DTO JErKo cAejaTh ¢ IOMOIbI0 10001 xaaHon 3Bpuctuku: NF, FF, BF,...
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%k

J
COOTBETCTBYIOIIECH J' NBOMCTBEHHOM 3aj1a4u. PaccMOTpUM IBOMCTBEHHYIO 3aa4y

maXZniﬂi

*
ITycTh X OonTUMaJIbHOE pereHue st J' u A j 2 0 — onTuManIbHOE PEIICHUE

JUTST MHOYXecTBa J';

leL
IIPU OTPAHUYCHUSIX Zaij A<l Jel;
el
A4 =0, lel.
Ecim mrst Beex | €J cnpaBeaiinBo
Zaij X <1 (%)

el
B Xjf, jed’

To BekTOp X
P 0, jed\J’

— OITHUMAJIbHOC PCIICHUC 3ada4Mn JIMHEUHOTO

%k
IpOrpaMMHUPOBAHUS JJI1 BCETO MHOXecTBa J 1 H = ZX i
jeld’
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TTpobnema: kak mpoBeputh (*), HE MPOCMATPHBAsi BCE MHOXECTBO J, U 4TO Jie-

J1aTh, €CJIM YCJIOBUE HE BBIMOJIHSIETCH.
PaccMoTpuM 3a71a4y 0 PIOK3aKe:
*
o = max Zﬂi Y;
leL
IIPU OTPAHUYCHUSX Zwi y; <1 (BMECTUMOCTH KOHTECHHEPOB)
leL
yj = 0, nemnste, Il
OnTtuMmanbHOE peIIeHHE JOTOM 3aJaud JaeT HaM HOBBIM BapUaHT YHAKOBKH
KOHTEWHEPA.

Ecimn a < 1, T0 (*) BBINOJIHEHO!

Ecnu a > 1, To moay4uiad BapuaHT YHAKOBKU, KOTOPBIN CleayeT 100aBUTh B MHO-

*ecTBO J' (HaluIM BEAyIMA CTOIOEI] B CUMILJICKC—TA0IMIIE).
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Oo01rast cxemMa MeToaA:

1. BeiopaThs nogMHoOxecTBO J'C J

*

2. Pemurs 3amauy JIII(J'), monyuuts X i ﬂf;.

3. Pemuts 3a/1a4y O PrOK3aKe, MOJMYYUTh (.
%k
< — )
4. Eemn < 1,170 H ij, STOP.
jed’

5. J1o6aBuTh B J' HOBBIM BapUAHT YIIAKOBKHM W BEPHYThCA HA IIar 2

Onenka H = ij SBIIICTCS TPYJOEMKOW, HO JIOMUHHPYET Jpyrue IIo
jeld’

%k -
TOYHOCTHU. PerieHue Xj = | X j—| , J€J, 4acTo oka3pIBaeTCs ONTUMAIbHBIM.

6 Nekuua 7. 3apaum packpos U ynakoBKU



3agaum IByMepHOH YIIAKOBKH

[aHo: N IPSAMOYTONBHBIX MPEAMETOB ¢ pasMepamMu Wi x lj, i=1,..., n.

HaTtnu:  ymakoBky B IOJOXUTENHLHOM OPTAHTE ¢ MWHHMMAJIBHOM IUIOIIAILIO

OKAMMJIAIOIIETO MPSAMOYTOJIbHUKA

AY
[ToBOPOTHI 3aIPEIICHBI. CTOpOHBI
6 IPEeAMETOB ITapajlIeIbHbI OCIM KOOpJIMHAT.
5 L x M — min
W 5
| 3anaua sBigercsa NP-TpyaHoi.
3
4 - X
L

[IpyuMep TUILOTUHHON YITAKOBKHU
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3agaya ymakoBKHU B I0JIOCY

[aHO: N mpsaMOyToNbHBIX MPEeAMETOB ¢ pasMepaMu Wi x i, i=1,...,n, u
nony0eckoHeUHas noJioca mupuHon W.

HanTtu: ymakoBky npeaMeToB ¢ MUHUMAIBHOM JJIMHOM 3aHMMAaeMOM IOJIOCHL.

/\y

' IIpn =1 , 1=1,...,n,

2 IoJIiy4aeM OJJHOMEPHYIO

3a7ja4y YIIaKOBKHU

B KOHTCHHEPHI.
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3agaua o prok3ake 1Jsi NPSIMOYI0JILHUKOB

[JaHO: N  mOpsaMOyrodpHBIX IOPEeIMETOB C pasmepamu Wi x |j u Becamm C;j,

1=1,..., N, 1 6onbIoi npsMoyroabHuK W x L.

HGﬁTM: IIOAMHOZKCCTBO IIPCAMCTOB MAKCUMAJIbHOI'O BECA, KOTOPBIC MOZKHO BBIPC-

3aTh U3 OOJIBIIIOTO MPSIMOYTOJIbHUKA.

HpI/I |i:|_, | = I,...,n,
5
6 4 MOJIy4a€M U3BECTHYIO
7 3aJ1aqy O PIOK3aKe.
W 10
1 , 3
8
L
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3ajaya ynmakoBKH B KOHTEHHEPHI AJI NPAMOYI0JbHUKOB

[aHO: N mpsMOyrodapHBIX MpeaMeToB ¢ pazmepamu Wi x lj, i =1,..., n, u Heor-

PAHUYEHHOE YMCJIO OJIMHAKOBBIX 3aroToBOK pasmepoM W x L.

HCU:'TM: YIIaKOBKY IIPCAMCTOB C MUHHMMAJIbHBIM YHCJIOM HCITIOJIb3YCMbIX 3dI'0OTOBOK.
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3agaya NpIMOYroJibHOIr0 pacKposi AJsi CEPUAHOIO NMPOU3BOACTBA
[aHO: N npsIMOyroabHBIX MPEAMETOB ¢ pasmepamu Wi X |j u morpedHOCTBIO K
mrtyk | = 1,..., n. 3BecTHbI pa3Mepsl 3arotoBok W x L.

HaTtn: mman packpos 3aroToBOK, MO3BOJISIONIMIA TONYYUTE BCE IPEAMETEI B TPE-
OyEeMBIX KOJUYECTBAX M HCIOJIb3YIOIUI MUHUMAILHOE YHCIIO 3arOTOBOK.
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KoaupoBKkH peleHuu

Crucok npeametroB L= {iy, Iy, ..., In}.
[exkoaupyrolas npoueaypa: 1o yrnopa BJI€BO, 10 yIopa BHHU3, 0 YIIOpa BIIEBO,

Ecnn Henb3st CABUHYTH MPEAMET BICBO WIIM BIIPABO, TO MEPEXOAUM K CIECAYIOMIEMY
peIMETY.

>

Bcero n! BapnaHTOB.
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KoHTpnpumep

A
2
OnTuManbHOE  PEIICHUE,
8
W 5 | 7 KOTOPOE HEJbB3s MOJTYUYUTH
HUKAKUM CITUCKOM.
Flale
3
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OnpepeneHue. KomupoBka pelnieHuit Ha3piBaeTcs A40MYCTUMOMN, eClid OHa

yAOBJIETBOPSET CIACIYIOIIUM TPEOOBAHUSIM

.
2.

MHOKECTBO BCEX KOJIOB KOHEYHO;
KaXXJIOMY KOy COOTBETCTBYET JOITYCTHMOE PEIICHUE;

BBIYMCJICHUE LEJCBOM (PYHKIMHU JIJISI KaXJI0r0 KOAda OCYIIECTBISETCS C
MOJIMHOMHUAJIBHOM TPYJIOEMKOCTBIO;

pemicHuc, COOTBCTCTBYIOIICC KOAY C HAMMCHBIIMM 3HAYCHHCM
HGJ’ICBOﬁ (bYHKI_[I/II/I, ABJCICTCA OIITUMAJIBHBIM PCIICHHUEM I/ICXOI[HOﬁ 3a-

JTa4du.

TTpumep. Kaxmomy npenmery comocraBisieTcs Ba 9ucia (X, y) — KOOpPAUHATHI

JICBOI'O HUKHECT'O YIJIA.

14
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KoaupoBka «O — tree»

OnpepeneHue. Pemenne Ha3pBaeTcsi L~KOMMAKTHBLIM, €CIIM HE OAWH IPEIMET

HEJIb3sS CMECTUTh BJICBO IIpM YCIOBHHM, YTO OCTAJIbHBIC MPEIAMETHI OCTAIOTCS
HETNOJIBMKHBIMA. AHAIOTHYHO onpeaenstorcsa B—, V— u R—kommakTHbIE penieHus
Ui CMEIICHHUS BHU3, BBEPX M BIIPABO COOTBETCTBEHHO. PeleHue Ha3bIBACTCS

L B-kOoMNIaKTHBIM, €ClId OHO SBIACTCS |L—KOMIIAKTHBRIM U B-—KOMIIaKTHBIM

OJHOBPEMEHHO.
A A
5 5
2 4 2 4
I 3 ! 3
| B—xkomrmakTHOE B—, HO He L—xoMmakTHOE
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IIpeacraBienne LB—koMmakTHBIX pemieHun

Kopenr  naepeBa — JjeBas rpaHuia ymakoBkd. OpueHTanuyss Iyr OT KOpPHS
Kk jucthaM. Ilpenmer B;j ceasan myroun ¢ Bj, ecnm neBas cropona Bj kacaercs
npaBoi cropoHsl Bi. Ecmu nna Bj umeerca Heckonbko Takux npeameros (Bj, By),

TO JIyra UJIET TOJbKO OT HUKHETO MpeIMETA.

N

/O\ >0 Bcero BapuanToB N !-an +1/2n+1)

o (uucia Karanana)
O—1 o

6,0
N
O<Bi 0<

>

T

\Z
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Ilpoueaypa 1eKOAUPOBAHUSA

[aHO: opueHTHpOBAaHHOE KOPHEBOE AEPEBO, KAKIOH BEPIIMHE KPOME KOPHS

IPUIMCAH TTPEeaMET (METKA).

HaMTu: nnomans okaiMISIONEr0 NPAMOYTOJALHUKA.

A E < By
i l [louck B rimyOuHy
O\\O"\/ _ '/>O/70 .
?Oé\)o

Y npaxHeHue. Haiitu anroputm aexoxuposanus ¢ T = O(n)
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Coceanue ymakOBKH

I[J’Iﬂ JAHHOI'O KOPHCBOI'O OPUCHTHUPOBAHHOI'O ACPCBA C IIOMCUYCHHBIMHA BCPIIMHAMU

OIIpCAC/IMM ABC OIICPAIlHN.

® JIBC HCKOPHEBBIC BEPIIMHBI MEHSIOTCS METKaMH (IMPEAMETaMU);

® OTPBHIBAEM JIMCT JIEPEBA U NMPHUKIIEUBAEM K APYTrOM BEPIIMHE.
2
Kaxxmas onepaius HopokaaeT HOBYIO yIIakoBKY. Takux ynakoBok O(N”).
HazoBem ux cocegHUMU iid DTaHHOMU.

MHO0XeCTBO COCETHUX YIIaKOBOK HA3bIBAETCS OKPECTHOCTbHO.
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AJITOPUTM JIOKAJBHOI'0 CYCKA

S — yIakoBKa
N(S) — okpecTHOCTD AJIs S.

F(S) — 3HadeHue 1eIeBOM QYHKIUM IS S.
ANroputm

1. BeiOpaTh HaualbHOE pellIeHrE S U BBIYUCIUTD F(S).

2. Hatitu B okpectHocTH N(S) pemenne S’ ¢ MUHMMAJIbHBIM 3HAYCHHUEM lIeJie-
ot pynkimu F(S')=min{F(S), S e N(S)}.

3. Ecin F(S”) < F(S), To nojoxuth S := S’ ¥ BEpHYTHCS HaA 2

nHaye STOP.
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YHuciieHHbIE IKCIIEPUMEHThI

P T T U R

443 403

FEE

lllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllll

GOWAWHLIIO XITHILRIOIf OO U R

T T T T R T T T I R T T T N I R |
T 1o 1o 1 [ T T TR TN T T T TN TR SO T B T
P 1 ' 1 [ T T TR TN T T O TN TR T T B T
d=l=FA-l=FAd-l=-FA=l-FAd-l=-F+ -+ d-F 4+ d-F + 4= n
o 1 1 1 1 [ -
P 1 ' 1 1

L m,
T 11 -
P
A==k A-l=FAd-l=FA=l-FAd =l % —4—F 4+ = .
[T T T TR TR TR TR T N T TN TN Y N TN TN O N T B LS

OtHOcCHTENBHAS OTPEMTHOCTD

Mmutanums oTxura

JIOKabHBIN CITYCK

3ajadya ymakOBKH B MOJOKUATEIBHOM opTanTe, N = 100.

Nekuma 7. 3apaum packpos U ynaxkosku

20



Iloporosbie aJropuTMbI

AJITOPUTM UMHUTALIUA OTKUTAa OTHOCUTCS K KJIACCy MOPOTOBBIX AITOPUTMOB.

Ha kaxmoM mare B OKpECTHOCTH TEKYIIETO PEIICHUs |k BBIOMPACTCS HEKOTOPOE
peIICHUE |, ¥ eCIU Pa3HOCTh IO IMEJICBOM (DYHKIIMH MEXKIY HOBBIM M TEKYIIUM
peIICHHEM HE MPEBOCXOAUT 3aJaHHOTO Topora ty, To HOBOE PEIICHHUE | 3aMCHSET

TeKyliee. B mpoTMBHOM Cily4dae BRIOUPAETCS HOBOE COCEIHEE PEIICHHUE.

TToporosbIv anroputm
1. BeiOpath HauansHOE pemenue lgel u monoxuts f* = f(iy), k= 0.
2. [Toka He BBITIOJIHEH KPUTEPUI OCTAHOBKH, JIEJIaTh CIICIYIOIIEE:
2.1. Ciryuaiino BeiOpath € N(i).
2.2. Ecma () — f(ly) < tx 1O Iys1 :=].
2.3. Ecma * > f(iy), To f* := 1(iy).
2.4. ITomoxute K:=k+ 1.
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THIIBI MOPOroOBLIX AJITOPUTMOB

.

TTocneposatenbHoe ynyudweHue: ty=0,k=0, 1, 2, ... — BapuaHr Jo-
KaJIbHOI'O CIIYCKAa C MOHOTOHHBIM YJ/IYUILICHHUCM I10 HGHCBOﬁ (bYHKHI/II/I

TToporosoe ynydweHue: ty =c, k=0, 1, 2,... , Cx 2 0; Ck > Cyy |

lim ¢, - 0 — BapmaHT JOKaNBHOTO MOWCKA, KOTJa JAOMYCKAeTCs yXy/IIie-
K—o0

HUE TI0 [EJIEBON (PYHKIIMU O HEKOTOPOTO 33aJaHHOIrO MOpOra, U 3TOT MOpPOr
MOCJICIOBATEIIbHO CHUXAETCS J10 HYJIS.

Mmutauma omxura: ty >0,k =0, 1, 2, ... — caydaiinas BeIUYUHA C MaTe-

MaTH4YeCKUM oxkujgaHueM E(ty) = Cx > 0 — BapuaHT JIOKAJILHOIO MOMCKA, KO-
raa

JOITYCKAETCsl MPOU3BOJIbHOE YXYAIICHUE 10 HeaeBOM (DYHKIIUM, HO BEPOST-
HOCTb TaKOT'0 MEpexojia 00paTHO MPOMOPLHOHAILHA BEIMYNHE YXYIIICHUS

1, ecm f())< (1)
P. —

] exp(f(i)c_kf(j)) ecmn T(j)>f(@)’

22

Nekuua 7. 3apaum packpos U ynakoBKU



AJIFOpI/ITM NMMUAUTAIINHU OTKHI'A
F(S) | | IIpemmoxen B 1983 r.

¢uzukamu S. Kirpatrick,
C.D. Gelatt, M.P. Vecchi.

B ocHOBE aHajIoTru4 C
IIOBEJCHUEM aTOMOB IIPHU
MEUIEHHOM OCTBhIBAHUU

TCJIA.

BOME Y sos BB NE HBE.

@ @

Yuciao urepanuu

Anr OPHUTM HC OCTAaHABJINBACTCA B JIOKAJIBHOM MUHHUMYMC U MOXKCT «IIYTCIICCT-

BOBAaTh» 110 BCEH JOIMYCTUMOM OOJIACTH.
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Ienu MapkoBa

OnpepeneHue. Ilycte O 0603Ha4aeT MHOKECTBO BO3MOXKHBIX MCXOJIOB HEKOTO-

poro ciryyaiiHoro mporecca. Llens MapkoBa ects mocnenoBaTeTbHOCTh HCITBITA-
HH#, KOTJ1a BEPOSITHOCTH MCX0/Ia B KaKJIOM HCIIBITAHUM 3aBHCUT TOJILKO OT PE3YIIh-

TaTa IPCAICCTBYIOLICTO NCIIBITAHMA.

[Tycth X(K) — cirydaitnas nepeMeHHas, 0003Hadaromas pe3yabTaT K-ro HCIbITaHusl.
Torma mns kaxaoi mapel 1, €O BepoSITHOCTH Iepexoja OT | K | mpu K-oM HCITBITa-

HHH 33J1a€TCS BEIPAKCHUEM
Pij (k) = Z{x(k) =] [ x(k = 1) = 1}.
Marpuna {Pj;} Ha3bIBacTcs nepexoaHou matpulien. llens MapkoBa Ha3bIBaeT-

csi KOHeYHOMU, eciii MHOXKECTBO McXx0omoB O KOHEYHO, U OAHOPOAHOWN, eciu

IMCPCXOAHBIC BCPOATHOCTHU HC 3aBHUCAT OT HOMCPA HIara K.
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O0masi cxema MMHUTAIIMU OTKHMIA
1. BriOpath HaganbHOE pericHue | ¥ BEIYUCIUTD F(1).
2. 3axaTh HadYaJdbHYIO TeMOepaTypy .

3. Tloka HE BBINOJIHEH KPUTEPHUM OCTAHOBKH, JIEJIATh CICAYIOIIECE:

3.1. BemonnuTth muki L pas:
3.1.1. Breiopats B N(I) cirygaiiHBIM 00pa3oM peIICHHE |;
3.1.2. Tlomoxurs A= F(]) — F(1);
3.1.3. Ecrm 4 <0, 101 :=] ;

A . .
3.1.4. Ecitmu A> 0, TO C BEpOSITHOCTBIO € h ITOJIOKHUTH | = |;

3.2. ITonu3uth Temmeparypy I =T - T.
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Teopema. Ilycts € = C s Beex K, n it mro0oii mapsl 1, jel HaiineTcs dncio
P = 1, u gomyctumsle pemenus ly, |y,... , I, €l takme, uto lp =1, I, =] n lyie
N(l), kK =0, 1,..., p—1. Torma nmg menum MapkoBa, MOPOXKACHHONW aITrOPUTMOM
UMHTAIIUH OTXKHUTa, CYIISCTBYET SMHCTBEHHOE CTaIllMOHApHOE pacupeaeicHue Ji(C)

(BenmumuHA (j — BEPOSATHOCTH OKA3aThCSA B PEIICHUH | TTOCJIC TOCTATOYHO OOJIBIIIO-
ro 4uciia uTepaliyii), KOMIOHEHTHI KOTOPOIo 3aJat0TCsl POpMYJIOi

exp(— f(i)/c)

-(C) = : i I,
W D exp(- f(j)/c) -
jel
d lim@; (C) = 1/||*|, ecn iel’
clo 0, B IPOTHBHOM CJTy4ae

[locienHee paBEHCTBO, IO CYTH, O3HA4YaeT, 4YTO C POCTOM YHUCJA HUTEpaIuil
BEPOSTHOCTh OKa3aThbCS B TOUYKE INI0OAIbHOro omntuMyma I* €I1* crpemurcs k 1,
€CJIM 3Ha4Y€HHUE Mopora Cy CTPEMUTCA K HYJIIO, T. €.

Iim lim P {x(K)el*} = 1.

cy0 k—oo
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IlapameTpsl ajropurma

e HavanwsHas Temneparypa T.
o KoadhduiumeHT oxnaxacHus I.
e Ypcro maros L npu 3agaHHON TEMIIEPATYypE
e Kpurepuin OCTAHOBKH:
— MMHHUMAJIbHOE 3HAYCHUE TEMIIEpaTyphl

— YHCJI0 CMEH TEMIEpaTyphbl 0€3 U3MEHECHHUS TEKYIIETrO PEIICHUS S.

— CYMMApPHOC YU CJIO IIaroB aJlrOpruTMa
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3aBUCHUMOCTb YaCTOTBI IIepexoa0B B COCCAHCC PCIICHUC OT TCMIICPATYPhI

[ToHnxeHue TeMreparypsol

Nekuma 7. 3apaum packpos U ynaxkosku
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Ilepexoa or LB—koMmakTHbIX kK RB—KOMIIAKTHBIM pellIeHUusAM

[IepecTpolika KOPHEBOT'O OPUEHTUPOBAHHOIO AEpeBa 0€3 YXYAIICHUS 11€JICBOU
(yHKIMU. BRITTOTHSIETCS TPU KaXK10M CMEHE TEMIIEPaTyPhI.

b
e

/ °
\‘\ P >

N
.o k\\./
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